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R563Phagocytosis: Dynamin’s Dual Role
in Phagosome Biogenesis
Dynamins have a well-established role in the fission of vesicles at sites of
endocytosis. In phagocytosis, however, a role for certain dynamin isoforms
has been reported in the full extension of pseudopods during phagosome
formation, not in fission of the phagocytic vacuole. Recent studies in
Caenorhabditis elegans have now uncovered a new function of dynamin in
phagosome maturation.Kassidy K. Huynh
and Sergio Grinstein
Phagocytosis is an integral part of our
innate immunity, providing an early
line of defense against invading
microorganisms. In addition,
phagocytosis plays a key role in
wound healing, tissue morphogenesis
and development by removing
necrotic and apoptotic cells. Particle
intake is initiated by phagocytic
receptors that recognize ligands on the
surface of the target and unleash
a signaling cascade that culminates in
actin-driven extension of pseudopods
that ultimately encircle and engulf the
particle (Figure 1). However, additional
steps are required to complete the
elimination of the phagocytic targets.
Full clearance requires the degradation
of the internalized particles and the
disposal of their breakdown products,
which occur as the phagosomes
acquire degradative properties akin to
those of lysosomes by a process
known as phagosomal maturation.
Despite its critical importance to the
overall process, remarkably little is
known about phagosome maturation.
It has been studied much less
intensively than phagosome formation,
perhaps because the latter is much
easier to visualize and quantify.
However, this gap is likely to narrow
in the future through studies like the
recent work by Kinchen et al. [1].
These authors took advantage of the
fact that in Caenorhabditis elegans
phagosomes containing apoptotic
cells are identifiable under differential
interference microscopy by their
refractile appearance and affinity for
nuclear dyes. Unusual persistence of
such refractile structures is indicative
of defective maturation and, when
combined with gene manipulation,
this analysis can provide valuable
information about proteins involved
in the maturation sequence. Indeed,
because the genome sequence of
C. elegans is known and the worms are
genetically tractable, it should now be
possible to investigate systematically
the role of individual proteins in
phagosome maturation. This analysis
will be facilitated by the spontaneous
occurrence of multiple phagocytic
events because, during the course of
C. elegans development, over 600 cells
undergo programmed death and are
ingested by neighboring cells.
In the new work, Kinchen et al. [1]
used a convenient and effective
means of silencing selected genes in
C. elegans to investigate their role
in the maturation of phagosomes
containing apoptotic cells. They fed to
the larvae bacteria transformed with
double-stranded siRNA to manipulate
the expression levels of Rab5, Rab7,
EEA1, and the VpsC/HOPS complex.
These proteins were known to regulate
vesicular traffic in the endocytic and
phagocytic pathways, controlling the
transition between early and late
stages. By these means, the authors
were able to confirm the requirement
for Rab5 and Rab7 in the early stages
of the maturation process, as
established in previous work in
mammalian phagocytes [2]. They also
documented a role for the VpsC/HOPS
complex in phagosome maturation.This multi-subunit complex had been
proposed to bridge the transition from
Rab5- to Rab7-positive vesicles
during endosome progression [3],
but its involvement in phagosome
maturation had not been explored.
Kinchen et al. [1] systematically
silenced the expression of individual
components of this complex and found
that depletion of the Vps11, Vps16,
Vps18, Vps33, or Vps44 subunits
arrested phagosome maturation at
the Rab7-positive stage. These data
imply that, while the VpsC/HOPS
complex is essential for
phagolysosome biogenesis, the
complex is seemingly not needed for
Rab7 recruitment and may instead
regulate vesicle fusion and traffic, as
has been suggested for the endocytic
pathway [4–7]. A surprising observation
was that elimination of EEA1 had little
or no effect on the ability of C. elegans
to clear apoptotic corpses. This
contrasts with the results reported
using mammalian macrophages, which
were unable to undergo maturation
following inactivation of EEA1 [8].
This discrepancy may indicate that
not all phagosomes are created or
processed equally and that the nature
of the particular phagocytic receptor
engaged may dictate the pathway
used for maturation.
The salient findings in the paper by
Kinchen et al. [1], however, refer to
the role of dynamin in the early stages
of phagosome maturation. The
involvement of dynamin in phagosome
formation had been explored
previously in professional phagocytes,
but its role in maturation was
unsuspected and therefore unexplored.
Unlike C. elegans, which has a single
form of dynamin, mammals express
three distinct isoforms: dynamin-1, -2,
and -3 [9]. Dynamin-2 is expressed
ubiquitously while dynamin-1 is present
exclusively in the brain and dynamin-3
in the testes, lungs and neurons [10].
It is noteworthy that dynamin-2 is
present both in endomembranes
and in the plasma membrane,
while dynamin-1 is predominantly
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Figure 1. Maturation of early phagosomes involves a tripartite complex of dynamin, Vps34,
and Rab5.
(1) Dynamin regulates the focal exocytosis of endomembranes at the site of phagocytosis and
accumulates on the nascent phagosome in a complex with inactive Vps34 and Rab5–GDP; (2)
Rab5 is activated by an as yet undefined GEF; (3) active Rab5 stimulates the kinase activity of
Vps34; (4) Vps34 produces phosphatidylinositol-3-phosphate (PI(3)P); (5) phosphatidylinositol-
3-phosphate accumulated on the phagosome promotes the inactivation and dissociation of
Rab5; (6) dynamin and Vps34 are probably deactivated and dissociated concomitantly,
although their kinetics of dissociation from the phagosomes and the mechanisms that regulate
their removal remain to be elucidated.found at the plasma membrane [11].
The earliest studies of the role of
dynamin in phagocytosis used a
dominant-negative mutant —
Dyn2(K44A) — of dynamin-2, the
predominant isoform in macrophages.
Gold et al. [12] found that expression
of Dyn2(K44A) produced a marked
inhibition of phagocytosis.
Interestingly, they noted that the
mutant dynamin arrested pseudopod
extension, rather than the pinching ofthe vacuole from the membrane, as
would have been anticipated from the
well-established role of dynamin in
endosome fission. Tse et al. [13] were
able to replicate the inhibitory effect
of dominant-negative dynamin-2 but,
remarkably, found no discernible
defects in phagocytosis when an
analogous dominant-negative mutant
of dynamin-1 — Dyn1(K44A) — was
used. Dynamin-2, but not dynamin-1,
has been implicated in the regulation
of actin dynamics, and thus the
deleterious effects of Dyn2(K44A)
on actin homeostasis may account
for the observed differences [13].
Alternatively, Tse et al. [13] proposed
that inhibition of dynamin-2, which is
involved in scission of vesicles from
secretory organelles, might inhibit
internalization by preventing delivery
of endomembranes to sites of
phagocytosis and thereby interfering
with the continued growth of
pseudopods. Inhibition of dynamin-1,
which is restricted to the plasmalemma,
is not expected to have this effect.
Consistent with this notion, Di et al. [14]
reported that interference with
dynamin-2 activity inhibited the
exocytosis of endomembranes that
accompanies phagocytosis, which they
measured as increases in the
capacitance of patch-clamped cells.
If the above interpretation is correct,
the effects of dynamin on phagosome
formation are indirect, occurring at
a remote location, and may be size
dependent: insertion of internal
membranes at sites of phagocytosis
is likely to be an essential requirement
for the uptake of large particles, such
as apoptotic bodies, while being
dispensable for the formation of
smaller phagosomes. Accordingly,
Yu et al. [15] reported that knockdown
of dyn-1, the gene encoding the
single dynamin isoform of C. elegans,
reduced the uptake of apoptotic
corpses, leading to the accumulation
of vesicles near sites of frustrated
phagocytosis. They also noted that
phagosomes that managed to form
in dyn-1-deficient worms matured
abnormally. These findings were
confirmed and extended by Kinchen
et al. [1], who observed a striking arrest
in apoptotic corpse clearance. Where
and how does dynamin control the
maturation of phagosomes? Based on
an elegant combination of genetic
and biochemical experiments, Kinchen
et al. [1] posit an intriguing pathway
that places DYN-1 upstream of Rab5,
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A recent report suggests that, when habitats are disturbed, bacterial
populations that would be considered to be separate species can merge,
reversing the process of speciation. But, for bacteria, ‘species’ remains
undefined and undefinable.
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Bacteriologists are bemused by the
word ‘species’ and how it might
usefully and truthfully be applied to
their organisms of choice. As genomic
and metagenomic efforts turn
increasingly to complex natural
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R565which was formerly thought to be one
of the earliest regulators of maturation
[16–18]. Specifically, they propose
that DYN-1 binds to Vps34, the class
III phosphatidylinositol 3-kinase that
generates phosphatidylinositol-
3-phosphate, and that the kinase in
turn associates with Rab5, forming
a tripartite complex (Figure 1). In
support of their model, the authors
documented the ability of these
proteins to interact in vitro and were
able to co-immunoprecipitate all three
components. Curiously, Rab5 was
present in the complex in its
GDP-loaded, inactive state. Activation
of Rab5, i.e. the conversion to its
GTP-loaded form, is required for
progression of maturation and the
exchange of nucleotides does not
occur spontaneously but requires
the participation of a guanine
nucleotide-exchange factor (GEF). In
the case of phagosome maturation,
the nature of the particular exchange
factor engaged remains undefined,
because the known GEFs tested by
Kinchen et al. [1], namely RME-6, RIN-1
and Rabex-5, had no discernible effect.
The realization that Vps34 plays
a role in the recruitment of Rab5 reveals
a complex, reciprocal interaction
between these proteins. Active Rab5
is in turn known to stimulate the
catalytic activity of the kinase [19]
(Figure 1). Moreover, by a mechanism
that is poorly understood, the products
of the activity of Vps34 serve to
terminate the activation of Rab5, as
revealed following treatment with the
Vps34 inhibitor wortmannin, which
results in a prolonged residence of
Rab5 in phagosomes [20]. When taken
together, these observations suggest
the following sequence of events
(Figure 1): firstly, dynamin recruits to
the phagosome Vps34, which in turn
brings inactive, GDP-bound Rab5 to
the phagosomal membrane; secondly,
an unknown GEF catalyzes the
exchange of GDP for GTP, activating
Rab5 on early phagosomes; thirdly,
activated Rab5 stimulates Vps34,
producing phosphatidylinositol-
3-phosphate; and finally,
phosphatidylinositol-3-phosphate
promotes the inactivation and
dissociation of Rab5 from
phagosomes, probably resulting in the
concomitant inactivation of Vps34
and possibly also in the dissociation of
dynamin from the phagosome. This
interesting model remains to be fully
validated. In addition, the mechanismwhereby dynamin is attracted to
phagosomes, the nature of the GEF
that activates Rab5 and the events
connecting phosphatidylinositol-
3-phosphate with the termination of
Rab5 activity must be identified.
Clearly, the work of Kinchen et al. [1]
has added many interesting facets to
the complicated mechanism of
phagosome maturation but, in the
process, has raised at least as many
questions as it has answered.
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